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Summary

Background Accurate diagnosis of peanut allergy is essential given that it is a lifelong

and potentially fatal food allergy. Diagnosis relies on patient history, prick skin test (PST),

and in many situations, food challenge. More information is required on the safety of food

challenge and the informational value of a PST.

Objectives Primary: to assess the safety of peanut challenges. Secondary: to estimate the

sensitivity, specificity, and the positive and negative predictive values of PST to peanut

performed in those who underwent a peanut challenge.

Methods A retrospective study of peanut challenges performed at a tertiary care

paediatric hospital allergy clinic between January 1994 and November 1998.

Results Of the 140 peanut challenges performed on 140 patients, 18 were positive. The

most frequent adverse clinical effects of positive peanut challenges were: urticaria,

oropharyngeal irritation, rhinitis, vomiting and abdominal pain. Among the 18 patients

who had a positive result, 10 required medical treatment (antihistamines, ^ epinephrine,

^ salbutamol) to control the allergic reaction. The sensitivity, specificity, and the positive

and negative predictive values of PST to peanut in this group of children undergoing a

peanut challenge were 100%, 62.3%, 28.1% and 100%, respectively.

Conclusions Given the poor positive predictive value and specificity of PST, a peanut

challenge is usually required to diagnose peanut allergy with certainty when the PST is

positive. In cases of a clear history of anaphylaxis to peanut and a positive PST, challenges

are unwarranted. When the history is strongly suggestive and the PST is borderline

positive, i.e. 3 or 4 mm, peanut challenge is generally necessary to confirm the diagnosis.

Given the excellent negative predictive value and sensitivity of PST, a blinded peanut

challenge is usually unnecessary in the context of a negative PST except for patients with a

history strongly suggestive of immediate hypersensitivity. These patients should be

individually assessed for the need to undergo a blinded challenge. The peanut challenge is

a useful and safe diagnostic tool when performed by qualified personnel under appropriate

conditions.
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Introduction

Peanut allergy is a serious food allergy and potentially fatal

[1±3]. Although disputed, an increased prevalence in the

population has been reported [4±6] and is currently

estimated at between 0.4% and 0.7% [7±9]. Given the

heightened public awareness of the potential danger of food

allergies, it is not surprising that the demand for food

allergy assessment has increased [4]. Considering the strict

dietary precautions that must be followed by peanut allergic

individuals and the attendant psychological consequences
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[10], diagnostic accuracy is essential. However, there are

limited data on the sensitivity, specificity and predictive

value of prick skin testing (PST) to peanut [11±14]. Prick

skin testing to peanuts has been reported to have a

sensitivity of . 90% [11,13], specificity of about 60%

[11,13], positive predictive accuracy of about 50% [11±

13], and negative predictive accuracy of . 95% [11±13]. In

the presence of a convincing medical history and a positive

PST, diagnosis of peanut allergy is straightforward. Like-

wise, a history inconsistent with an IgE-mediated hyper-

sensitivity reaction and a negative PST almost completely

excludes a peanut allergy. However, for patients in whom a

diagnosis cannot be established with certainty by history

and PST, a peanut challenge is then the gold standard for

proper diagnosis. In this retrospective study, we present the

results of peanut challenges performed among a paediatric

population, assessing both the safety of the procedure as

well as the sensitivity, specificity and predictive values of

the PST in this group of patients.

Subjects and methods

Through a chart review of children attending the Montreal

Children's Hospital allergy clinic between January 1994

and November 1998, 140 patients who underwent oral

peanut challenges to assess a possible IgE-mediated

hypersensitivity to peanut were identified. Except in very

rare cases, children with a convincing history of an allergic

reaction and a positive PST to peanut $ 5 mm were not

challenged.

At the physician's discretion, the challenges were either

open (peanut not hidden) or single-blind (only the child was

blinded to the composition of the ingested food). Open

challenges were, with a single exception, performed only if

the PST was negative. In a single case, an open challenge

was performed when the PST was 3 mm and the patient

had a history questionable of an allergic reaction. Blind

challenges were performed in all other cases where the PST

was positive.

Food challenges were performed according to previously

published protocols [15±17]; however, the number of steps

and dosing of each challenge were left to the discretion of

the treating allergist. The basic design of the challenges

was similar for all children (Table 1) and all concluded by

open ingestion of peanut butter or equivalent peanut

containing foods. In the blind challenge, peanut flakes

served as the source of peanut; almond or coconut flakes

served as the placebo and both were disguised in either

apple sauce or grape jelly. Almond flakes were used in

children who were known not to be nut allergic and are the

preferred placebo because of their similarity in texture to

peanut flakes. Placebos were given as the second step in the

multidose challenge procedure and were variably inter-

spersed with peanut throughout the challenge at the

discretion of the supervising nurse, usually in circum-

stances where the peanut elicited subjective symptoms.

Prior to the challenge, patients were instructed to avoid

antihistamines for at least 96 h and b-agonists for at least

12 h. The initial dose of peanut (or placebo) was 10±50 mg

and, if tolerated, the dose was increased in the following

fashion (e.g. 100 mg, 250 mg, 500 mg, 1 g, 5 g) every

20 min until a dose of 5±10 g was reached. The starting

dose varied with the clinical history, where the initial

amount of peanut chosen was unlikely to elicit a reaction

even in exquisitely sensitive patients [17]. Twenty minutes

was usually a sufficient interval for allergic symptoms to

occur; in rare cases where the patient reported that the

previous reaction(s) to peanut developed . 20 min after

ingestion, the dosing interval was increased.

Prior to the challenge, children were examined by the

treating physician and the challenge was deferred if there

was current or recent wheezing, i.e. within the previous

24 h. At baseline and between each dose, blood pressure

and heart and respiratory rate were recorded and the patient

Table 1. Peanut challenge prototypes

Open food challenge Step 1: 250±500 mg of peanut butter

Step 2: 8±10 g of peanut butter on crackers

± . Observe for 2 h

Single-blind food challenge Step 1: Rub peanut on lips (optional)

Step 2: Placebo

Step 3: 10±50 mg of peanut flakes hidden in jelly

or apple sauce

Step 4: 250 mg of peanut flakes

Step 5: 500 mg of peanut flakes

Step 6: 1 g of peanut flakes

Step 7: 8±10 g of peanut flakes

± . Observe for 2 h
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was queried on and observed for any signs/symptoms

suggestive of an IgE-mediated allergic reaction. Following

a negative challenge, the observation time period was

usually 2 h. In the presence of a positive challenge, this

observation period varied, but was at least 2 h following

complete stabilization of the patient and usually 4 h

following the last dose of peanut.

The PST to peanut was performed according to a

standard technique and the results were expressed in

millimetres of wheal and flare. The allergenic extract used

(almost exclusively, except for a short period when it was

unavailable) was a commercially prepared product pro-

duced and distributed by the Bayer Company. Histamine

(1 mg/mL) and physiological saline served as positive and

negative controls, respectively. A PST was considered

positive if it produced a wheal diameter of at least 3 mm

greater than the negative control within 15 min of

placement. A PST of 3 or 4 mm greater than the negative

control was interpreted as borderline positive. In the cases

where the history was suggestive and the PST was negative

with the commercial extract, the PST was usually repeated

with either the peanut soaked in saline or peanut butter.

The 140 children who underwent peanut challenge were

divided into four groups based on chart review: `suggestive

history', `questionable history', `negative history' and

`never exposed'. The `suggestive history' group included

patients with signs/symptoms occurring within 90 min after

peanut exposure, either by ingestion or contact, that were

probably IgE-mediated but who had a negative or border-

line positive PST to peanut. As noted previously, those

patients with a `suggestive history' and a positive

PST $ 5 mm were assumed to be at substantial risk of

anaphylaxis if re-exposed to peanut and hence were not

challenged. These patients are therefore not included in this

review. There are two patients with a `suggestive history'

and a PST $ 5 mm who were challenged. In one case,

the parents refused to accept that the child was peanut

allergic and in the second, the child had previously had a

negative PST performed with a less reliable extract, but

when repeated on the day of the challenge with a more

reliable extract (Bayer), it was positive with 5 mm of

induration.

Signs and symptoms considered to be consistent with an

IgE-mediated reaction included pruritus, urticaria, flushing,

rhinoconjunctivitis, angioedema, throat tightness, gastro-

intestinal complaints, breathing difficulties (other than

wheeze), wheeze, cyanosis, or circulatory collapse [3]. To

be certain that it was peanut and not another food product

responsible for the symptoms, the history had to be that of

isolated ingestion of peanut or of a meal containing peanut

and foods routinely tolerated. Furthermore, although

allergic reactions have been reported up to several hours

after ingestion, this is infrequent (3%) [3] and these

reactions were also not considered as consistent with a

suggestive history.

The `questionable history' group consisted of patients

with a history which was somewhat atypical for an IgE-

mediated reaction because of, for example, the type of

symptoms, the time of their appearance, their persistence

for several days and/or their inconsistent provocation by

peanut exposure.

The `negative history' group included patients reporting

no prior adverse reaction to peanuts but who recently

presented with a possibility and/or concern of a peanut

allergy (e.g. recently discovered they had a nut allergy, had

a positive PST to peanuts, or had experienced idiopathic

anaphylaxis).

Finally, the `never exposed' group consisted of patients

with a personal or family history of food allergy(ies), but who

had not knowingly ingested peanut or peanut containing

products. For each group, the results of the peanut challenges

were then expressed in the context of the PST results.

Allergic signs and symptoms induced by the challenge

and medications administered will be described in the

Results section. The sensitivity, specificity and predictive

values of the PST with 95% confidence intervals were

calculated.

Results

Of the 140 patients who underwent an oral peanut

challenge, 28 challenges were open and 112 were single-

blind. The challenges were performed on 60 girls and 80

boys, ranging in age from 15 months to 17 1
2

years at the

time of the challenge, median age 5.2 years, mean age

(standard deviation) 6.2 (3.7) years. None of these patients

had experienced circulatory collapse with previous peanut

exposure. Six children had experienced laryngeal discom-

fort on previous peanut exposure, 14 had experienced

respiratory symptoms including dyspnea, cough, and/or

wheezing, and 1 had anaphylaxis. Eighteen of the 140

challenges (12.9%; 7 girls and 11 boys) were positive.

Figure 1 shows the subject distribution based on history

and PST results. Forty-seven had a `suggestive history', 57

had a `questionable history', 14 had a `negative history',

and 22 patients were `never exposed'. Seventy-six children

had a negative PST for peanut and 64 had a positive PST.

Among the subjects with a negative PST, none had a

positive peanut challenge. Among those with a positive

PST, 18 had a positive peanut challenge. All of these 18

patients with a positive peanut challenge had a PST wheal

of $ 5 mm (Fig. 2). There were, however, nine of 17

patients with a large positive skin test, i.e. $ 10 mm, who

had a negative peanut challenge.

It should be noted that only four patients with a

`suggestive history' and positive PST underwent a peanut
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challenge. Of these four, two had a PST wheal less than

5 mm and these two had a negative challenge. One patient

with a `suggestive history' and PST result of 9 mm who

underwent a challenge did so because the child's parents

were not convinced of the diagnosis of peanut allergy and

were reluctant to avoid peanut products; the other originally

had a negative PST which, upon repeating with Bayer

extract the day of the challenge, was positive. These two

children had positive challenges. Almost all children seen

at our centre with a `suggestive history' and positive

PST $ 5 mm were not challenged as the risk of anaphy-

laxis with re-exposure was considered to be substantial.

During the peanut challenge, no life-threatening reac-

tions occurred. Table 2 shows the clinical manifestations

that led to discontinuation of the procedure. Allergic signs,

listed in descending order of frequency, included urticaria,

oropharyngeal irritation, rhinitis, vomiting and abdominal

pain. Treatment was required to control the allergic

reaction in 10 patients: antihistamines only for six patients,

antihistamines and epinephrine for three patients, and

antihistamines, epinephrine and salbutamol for one patient.

No child required transfer to a specialized unit. All were

successfully treated and were discharged home within a

few hours following the allergic reaction.

Given that in children, the adverse effects of epinephrine

are so minimal, any reaction which is judged to be even

potentially moderate receives epinephrine. Bearing this

practice in mind, it was still only administered four times in

140 challenges. In one case, a patient presented with neck

and face urticaria without other associated symptoms

90 min after leaving the hospital following a negative

challenge and 3±4 h after the last dose of peanut. The

urticaria was not observed by the medical staff, but the

mother administered a few doses of antihistamine to the

child. Consequently, this challenge was considered posi-

tive. It would, however, have been useful to have repeated

this challenge with a longer period of observation or

administration of the placebo and peanut on separate days.

In our patient population of children undergoing peanut

challenge, the sensitivity and specificity (95% confidence

interval) of the PST (Table 3) was 100% (0.846±1.00) and

Fig. 1. Stratification of patients undergoing peanut challenge (PC) by history and prick skin test (PST) results.

Table 2. Clinical manifestations reported during 18 positive

peanut challenges

Manifestation Number of patients

Urticarial rash 10

Oropharyngeal discomfort (without

obvious angioedema)

9

Rhinitis 7

Vomiting 7

Abdominal pain or cramps 6

Facial flushing 4

Cutaneous pruritus 3

Cough 3

Wheezing without dyspnea 2

Ocular pruritus 2

Slight angioedema of the inferior lip 1
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62.3% (0.531±0.709), respectively. The positive predictive

value was 28.1% (0.176±0.407) and negative predictive

value was 100% (0.961±1.00).

Discussion

The blind oral food challenge is the gold standard for

diagnosis of food allergy. This test is not benign, as

systemic allergic reactions can be induced. It is imperative

therefore that the safety of these challenges be reported.

This is especially relevant for peanuts, where even small

amounts, in highly sensitized individuals, can precipitate

allergic manifestations. Additionally, before deciding if

such a challenge is indicated, the informational value of the

peanut PST must be known.

Individuals are frequently considered peanut allergic

solely on the basis of a positive peanut PST. Given the

dietary and psychological implications of a diagnosis of

peanut allergy, the clinical significance of a positive PST

must be fully understood. Diagnosis of peanut allergy on

the basis of a positive peanut PST alone may result in

incorrect labelling of patients and unnecessary adherence to

severely restricted diets. In our cohort of patients, the

positive predictive value of the peanut PST was only

28.1%, indicating that only 28.1% of patients with a

positive PST were actually peanut allergic as determined by

the peanut challenge.

This low positive predictive value emphasizes the

importance of performing a peanut challenge in all patients

with a positive PST except in circumstances where the

history is compatible with an IgE-mediated hypersensitivity.

Among those with a `suggestive history', and positive PST

$ 5 mm, the risk of anaphylaxis with peanut re-exposure

Fig. 2. Distribution of 64 patients with positive PST.

Table 3. Characteristics of Prick Skin Tests (PST) for Peanut

Allergy

Peanut oral challenge

1 ± Total

PST 1
±

18

0

46

76

64

76

Total 18 122 140

Sensitivity: 18/18 � 100%

Specificity: 76/122 � 62.3%

Positive predictive value: 18/64 � 28.1%

Negative predictive value: 76/76 � 100%
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was considered too great to perform a challenge. However,

we have shown that of the two patients with a `suggestive

history' and positive PST , 5 mm, neither had a positive

challenge. This suggests that patients with a `suggestive

history' and borderline positive PST would benefit from a

peanut challenge prior to labelling the child as truly peanut

allergic. Given the high number of false positive results

with the peanut PST, the specificity is therefore low; in our

sample it was 62.3%.

In our study, all patients with a negative PST had a

negative challenge irrespective of the clinical history,

yielding a negative predictive value of the peanut PST of

100%. Practically, this suggests that a negative PST,

properly performed with a reliable, commercially available

peanut extract, almost completely excludes a peanut

allergy. Nevertheless, in certain situations, such as

reassuring the patient and/or parent and/or physician, an

open peanut challenge may be performed in a safe

environment. Given the low number of false negatives

with the peanut PST, the sensitivity of the PST is

therefore high (100% in our sample), indicating its high

probability of detecting all subjects who are potentially

peanut allergic.

We recognize that these test characteristics cannot be

applied directly to the general population of patients being

evaluated for peanut allergy. The 140 subjects represent a

subgroup among all the patients skin-tested for possible

peanut allergy at the Montreal Children's Hospital allergy

clinic over a 5-year period. Generally, because of the

substantial risk of anaphylaxis, patients with a suggestive

history of peanut allergy and a positive PST are not offered

oral challenges and are considered peanut allergic. By

including these patients, the positive predictive value of the

PST would increase. Similarly, the specificity would

probably increase if all patients with an atypical history of

IgE-mediated peanut hypersensitivity and a negative PST

underwent a peanut challenge. Despite our selected popula-

tion, our data describing the characteristics of peanut PST

are similar to results already present in the literature [11].

Although we have shown that all children with a

PST , 5 mm had a negative challenge, there were nine

of 17 children with a PST $ 10 mm who also had a

negative challenge. None of these children, however, with a

PST $ 10 mm had a suggestive history of peanut allergy.

In those children with a suggestive history (albeit in our

study, few were challenged), all with a positive

PST $ 5 mm had a positive challenge. Establishing a

threshold value for a peanut PST above which a peanut

challenge is not necessary is an important question which

cannot be answered definitively by our work which is a

report of our clinical experience. Further studies are needed

before a positive PST, in the context of the history of prior

peanut exposure, can reliably predict the outcome for future

peanut exposure and obviate the need for peanut challenge.

Hill et al. [18] have observed in 95 peanut challenges that a

mean wheal size of $ 8 mm indicates a high probability of

a positive challenge. However, the history of prior peanut

exposure is not detailed. Hourihane et al. [19] compared 15

children with resolved peanut allergy with 15 with

persistent peanut allergy. Of the `resolvers', all had

PST , 6 mm whereas all `persisters' had PST $ 6 mm.

Although the double-blind, placebo-controlled challenge

is advocated as the gold standard for the diagnosis of food

allergy [15], it is time consuming and labour intensive,

requiring one person to prepare the placebo/active agent

and another to administer them. The placebo and active

challenge can then be conducted sequentially and on

separate days or approximately equal doses of placebo and

the active agent can be randomly intermingled over the

course of a day [17,20,21]. In most cases, we have

conducted a single-blind placebo-controlled peanut chal-

lenge, interspersing placebo with peanut. Considering the

young age of our patient population, our limited resources,

and the long waiting list at our institution to undergo a food

challenge, it was impractical and unfeasible to perform

sequential challenges or a day-long challenge on each

patient. The single-blind placebo-controlled challenge is

considered a useful, practical alternative [20,21].

The open challenge was performed only in those children

with a negative PST (with a single exception where a child

had a PST of 3 mm). In most cases, it involved only two or

three steps with rapid increase in the amount of peanut

consumed. These challenges were performed because

although the treating physician felt quite confident that the

child was not peanut-allergic, the parents and children

needed reassurance that peanut and peanut-containing foods

could safely be re-introduced. Only one of the 28 open

challenges was positive, with the child having a few perioral

hives which did not require treatment. Although the PST in

this positive challenge had been negative prior to the

challenge, when repeated after the challenge with the Bayer

extract (as noted previously), it became positive at 5 mm.

Our definition of peanut allergy was based on a recent

study showing that 93% of subjects reported reactions

within 30 min and only 3% reported adverse reactions

more than 1 h after peanut ingestion [3]. Although we have

accepted an interval of up to 90 min after peanut ingestion

in defining a suggestive IgE-mediated reaction, only one

patient in this group reported a reaction after 1 h (swollen

lips and generalized urticaria).

Reviewing the positive peanut challenges, it is interest-

ing to note that five patients were never knowingly exposed

to peanut (or food containing peanut) and had their first

clinical reaction during the peanut challenge. Five other

patients had their first adverse reaction during their first

known exposure to peanut and this hypersensitivity was
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subsequently confirmed during the food challenge (data not

shown). Developing peanut hypersensitivity with the first

exposure is well described in the literature [3]. It should be

recognized that in some cases parents or patients had

probably forgotten a previous peanut exposure or parents

were unaware of a previous peanut exposure given by other

caregivers such as grandparents, babysitters or friends.

However, the possibility of sensitization through breast

milk or perhaps in utero has been suggested [5]. Our data

support the idea that sensitization and clinical reactions to

the first known exposure to peanut occur.

In our study, 22 patients who had not knowingly ingested

products containing peanut were offered an oral challenge

because of a personal or family history of food allergy. Six

patients had a negative PST whereas 16 had a positive PST.

Among these 16 patients with a positive PST, five had a

positive oral challenge. Thus, despite the absence of any

known sensitization, 31.3% [5/16] of the children with a

positive PST but who had never eaten peanuts, had a

clearly demonstrable peanut allergy. Given that personal

and family history appear to be significant risk factors for

developing peanut allergy, it seems appropriate to offer

peanut PST to children with an atopic background.

In conclusion, a peanut challenge performed by qualified

personnel, in a controlled environment, is safe and

valuable. The peanut PST remains an efficient diagnostic

tool for the detection and the exclusion of such an allergy.

Accurate diagnosis is essential to avoid the burden of

peanut allergy and in many situations the food challenge

will provide the only definitive answer.
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